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Abstract 
Policy-makers and planners in the health sector have been traditionally concerned with the health and health inequalities of their 
populations. Health indices (HIs), following population based approaches, have been used to evaluate population health in its 
multiple dimensions, informing health decision-makers about how variations in health determinants and outcomes result into 
variations in health. To enable the visualization, exploration, and modelling of geographical health patterns, HIs are used to feed 
Geographic Information Systems (GIS). Being important to develop formal assessment tools to evaluate population health, this 
study proposes a framework that combines concepts and methods from multicriteria value measurement with participatory 
methods to build a value-based population HI. The MACBETH approach was used to construct the population HI within a 
multicriteria model structure, with the model having two main areas of concern – health determinants and outcomes – that are 
specified by a set of evaluation criteria in which several dimensions of the health of a population are appraised. The application 
of MACBETH was supported by a combination of participatory methods including a modified Delphi process with a large group 
of health stakeholders and experts, and decision conferencing with a strategic group. Within the scope of the GeoHealthS 
research project, the proposed methods were applied to build a HI to evaluate population health at the municipality level in 
Portugal over the past twenty years. The underlining multicriteria model generates a wide set of outputs within a tableau-de-bord 
structure, to be included in a GIS and to be used for health policy analyses. 
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1. Introduction 
A common goal among the health systems of OECD countries is to improve the health of individuals and 
populations in an equitable, efficient and effective way [1]. Therefore, assessing the health of populations and 
tackling geographical health inequalities are very important challenges for governments and health decision-makers 
(DMs) [2, 3].  
Population health comprises multiple aspects, including the burden of disease, quality of health care, individual 
behaviour, education and environment [4-6]. Hence, appraising population health and accessing patterns of health 
and disease in the community requires the development of formal assessment tools, such as health indices (HIs), that 
are able to consider multiple dimensions of the health of a population, including health determinants and outcomes 
[7]. The main advantage of these HIs is their capability of considering multiple aspects and simultaneously 
delivering an aggregate score that permits an overview of population health and healthcare performance more easily 
[8], being regarded as an efficient information tool [1]. Nevertheless, there are accuracy and reliability issues 
associated with HIs, as most of the times they are built with resort to ad hoc processes [8] and used as black boxes 
[1], potentially leading to distorted results and to misleading conclusions. Above all, the construction of a HI is not a 
straightforward process since it involves assumptions that need to be properly assessed to avoid a tool with dubious 
analytic rigor [9]. A report from OECD emphasized that the process of constructing these HIs is “in its infancy, and 
many of attempts to date have been seriously inadequate from a technical perspective” (p.309, [10]). Hence, there is 
a need to develop comprehensive evaluation tools, based on methodologically sound procedures that can adequately 
evaluate population health in its multiple dimensions, providing valuable information to drive health related policies 
and the planning of health services. For instance, these HIs often feed Geographic Information Systems (GIS), 
which are then used to visualize and explore health patterns and geographic inequalities.  
This paper proposes a framework to build a (multidimensional) value-based population HI with the MACBETH 
(Measuring Attractiveness by a Categorical Based Evaluation Technique) approach, combining concepts and 
methods from multicriteria value measurement and participatory methods. The model was designed (and built) 
within the scope of the GeoHealthS R&D project to build a population HI to evaluate population health in 
Portuguese municipalities over the past 20 years (in the years of 1991, 2001 and 2011). In this paper we only 
describe the design of methods (rather than the results from its application). 
2. Multicriteria modelling for a value-based population health index 
2.1. Methodological framework 
A socio-technical process [11] was designed for building a value-based population HI: it integrates the technical 
elements of a multicriteria value model (with sound theoretical foundations [12]) and the social elements of 
participatory methods, involving a modified Delphi process carried out with a large and multidisciplinary group of 
health stakeholders and experts – “SK-Group” – and decision conferences with a smaller strategic group – “ST-
Group” (all members of the ST-Group integrated the SK-Group). Both groups include individuals that represent a 
diversity of viewpoints regarding population health (including epidemiologists, geographers, economists, policy-
makers and planners), with the second group being a smaller group participating in a larger number of face-to-face 
meetings. The model building process aimed to build a formal assessment tool to evaluate population health in a 
transparent, comprehensive and systematic manner, and based on sound methods that overcome pitfalls identified in 
many of the HIs in use by: a) incorporating all the relevant aspects that capture and/or influence the health of a 
population (there being no aspects neglected due to data availability); b) not confusing performance indicators with 
evaluation criteria; c) reflecting the concerns and strategic objectives of health stakeholders, through the use of 
appropriate participatory methods; d) assigning relative weights to the criteria that adequately reflect value trade-off 
judgments between criteria; e) generating a wide range of outputs, within a  management tableau-de-bord structure 
(see [13]) that can be used to populate a GIS (for instance, including the performance profile of each geographic 
area, as well as aggregated and disaggregated values of population health in multiple dimensions). 
Methodologically, the index-building process can be viewed as a package of interconnected activities to be 
developed with both groups (see Fig. 1.). The methodological and contextual issues related to population health 
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were initially discussed with all the stakeholders and experts, there being an agreement regarding the boundaries of 
the problem and subsequently on the adoption of a multicriteria modelling approach. In structuring the model, the 
members of both groups selected the indicators that they considered important to evaluate population health at the 
municipality level. It followed a discussion regarding the link between indicators, relevant health dimensions and 
population health. Based on this discussion, it was possible to construct a value tree organized in areas of concern 
specified by a set of evaluation criteria on which the health of the population should be appraised. This process 
allowed to avoid one of the main problems reported in decision analysis literature, where indicators are treated as 
evaluation criteria [14]. 
 
Problem 
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Descriptors of 
performance Indicators
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levels
Value functions
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evaluation 
criterion 
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Fig. 1. Activities developed for building the multicriteria evaluation model, and respective outputs 
 
To each evaluation criterion was assigned a descriptor of performance (i.e. an ordered set of plausible 
performance levels) that makes the criterion operational for evaluating population health. Then, for each descriptor, 
two reference levels were introduced: a “base” level defined as an average of the performance of the municipalities 
in 2011 and a “top10%” level defined as the average of the performance of the 10% best municipalities in 2011. 
Value functions were subsequently built with the MACBETH approach (explained below), enabling performance to 
be transformed into value in each criterion. Finally, criteria and area weights were also determined by following the 
MACBETH approach. The underlying additive value model is designed to calculate the value of population health 
in each criterion, area of concern and then to aggregate value scores across areas.  
2.2. Multicriteria value model 
To build the additive value model, the MACBETH [15, 16] approach was chosen as, contrary to direct rating 
[17], it only requires qualitative judgements about differences of attractiveness to quantify the relative value of each 
municipality in each criterion, area of concern and in overall terms. MACBETH has been successfully applied in 
several contexts (see, for example [13-19]), and its use is being supported by the hierarchical version of M-
MACBETH [20] and by the WISED decision support systems (DSS).  
The mathematical elements of the multicriteria value model built with MACBETH are as follows. Let ih = 1,…,n 
designate the evaluation criterion i (e.g. hospital proximity) of the area of concern h (e.g. access to hospital care), 
௜ܺ೓  the descriptor of performance of criterion ih and ݒ௜೓ (.) the respective value function. Let ݔ௜೓
௠ be the performance 
of a municipality m on criterion ih of area h and ݒ௜೓
௠ (ݔ௜೓
௠ ) the respective value score; let (ݔଵ೓௠ ǡǥ ǡ ݔ௡೓௠ ) and 
(ݒଵ೓௠ ሺݔଵ೓௠ሻ,…,ݒ௡೓௠ ሺݔ௡೓௠ ሻ) be the  performance and value profile of municipality m, respectively. Then, the value of a 
municipality m in the area of concern h and in terms of overall value is given by, respectively, the simple additive 
model (1) and the hierarchical additive model (2): 
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ݒ௛௠൫ݔଵ೓ǡ ǥ ǡ ݔ௡೓൯ ൌ σ ݇௜೓ݒ௜೓
௠ሺݔ௜೓
௠ሻ௡೓௜೓ୀଵ ݓ݅ݐ݄ ൝
ݒ௜೓൫ݐ݋݌ͳͲΨ௜೓൯ ൌ ͳͲͲ
ݒ௜೓൫ܾܽݏ݁௜೓൯ ൌ Ͳ
 (1) 
 
ݒ௠ሺܪܫሻ ൌ σ ቂ݇௛ σ ݇௜೓ݒ௜೓
௠ሺݔ௜೓
௠ሻ௡೓௜೓ୀଵ ቃ௛   (2) 
 
where ݐ݋݌ͳͲΨ௜೓and ܾܽݏ݁௜೓are, respectively, the ‘‘top10%’’ and the ‘‘base’’ reference levels of performance on 
criterion ih in the year of 2011; and݇௜೓  and݇௛ are, respectively, the weights assigned to criteria and areas, when 
those references are considered, and such that σ ݇௜೓ ൌ ͳ
௡೓
௜೓ୀଵ  and ݇௜೓> 0 and  σ ݇௛ ൌ ͳ௛ , and ݇௛> 0 for all i and h.  
2.3. Participatory methods 
As described above, building the multicriteria value model with MACBETH involved the use of participatory 
methods, namely a modified Delphi process with the SK-Group and decision conferencing with the ST-Group, 
which participated in the evaluation activities from Fig. 1. While the ST-Group was involved in structuring the set of 
evaluation criteria and in building the value model within a decision conferencing process, the SK-Group, resorting 
to a modified Delphi process, provided valuable information to help the ST-Group in the construction of the value 
model. A few workshops took also place with the SK-Group, so that all participants could have a better 
understanding and comment the methods and processes in use.  
 
 
Fig. 2. Online platform designed with the WISED DSS for the modified Delphi process 
 
A modified Delphi process was applied with the aim of, resorting to an iterative and repetitive structured process 
with controlled opinion feedback, collect and collate the opinion of the SK-Group about the type of value function 
that the group considered most appropriate for each criterion; it is a modified Delphi process since it frames a 
Delphi process [21] with the MACBETH multicriteria approach. As far as we are aware, in spite of being reported 
the usefulness of checking the shape of the function before accessing the value function [12], there is no questioning 
protocol available in the literature to perform this task. Hence, the MACBETH approach integrated with a Delphi 
process was conducted with the support of the WISED DSS: this allowed for a simple and intuitive protocol of 
questions about differences in attractiveness between different performance levels, to determine for each criterion 
the suitable type of value function (concave, convex, linear and two types of s-shaped). The choice of the Delphi 
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process was motivated for two main reasons: firstly this is an anonymous process implying that panel members can 
shift position without losing face if they see convincing reasons for doing so; and secondly, it does not require 
physical presence. The process took place as follows: (a) first, each member of the SK-Group, in an online platform 
designed with the WISED DSS (see printscreen of this platform in Fig. 2), was asked to judge qualitatively the 
difference in attractiveness between consecutive performance levels for each criterion, using the qualitative scale no 
difference, very weak, weak, moderate, strong, very strong and extreme (first round of the modified Delphi process); 
(b) then, the type of value function that matched the experts’ answers was determined – for instance, if the expert 
considered that each increment was less valuable than the preceding increment, it was possible to conclude that, for 
this expert, a concave value function was a suitable choice; (c) a report giving feedback to each of the experts about 
the results of the first round of the modified Delphi process was built, giving opportunity for individuals to revise 
their answers (second round of the modified Delphi process); (d) after these two rounds, a final report with the 
results of the modified Delphi process was elaborated and sent to the ST-Group. In this report, for each criterion, 
was expressed the level of agreement for each type of value function: in the top of Fig. 3 it is depicted the final 
result of the modified Delphi process for the criterion Doctors in hospital care, to which all the experts agreed that 
the value function should be concave. The modified Delphi process had full adherence among experts, and in more 
than 70% of the criteria in analysis, the level of agreement was higher than 60%. 
 
Delphi final results: “Doctors in hospital care” criterion
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Modified Delphi process 
with SK-Group
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MACBETH
il i  l  
i  i  
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Fig. 3. Participatory methods framed within the MACBETH approach to build a value function 
 
Then, with the ST-Group, in a series of decision conferences workshops, and with the support of M-MACBETH, 
the modified Delphi process’ results were analysed and a value function was accessed, as well as weighting 
coefficients were built. Along the decision conferencing process [11], developed in several structured meetings, 
neutral facilitators guided the ST-Group to build an evaluation model on-the-spot, capturing the knowledge and 
concerns of the group. This decision conferencing process was supported by the MACBETH approach and has been 
applied with success in several contexts (see, for example, [14, 18, 19]), as this process allows the group to develop 
a shared understanding of the issues, generate a sense of common purpose, and gain commitment in the way forward 
and confidence in the results provided by the model [11]. Fig. 3 displays an example of the process of building the 
value function for the Doctors in hospital care criterion: after analysing the final results of the modified Delphi 
process, the ST-Group was asked to qualitative judge the added value of five extra doctors, filling the matrix of M-
MACBETH judgments; then a value function that respected the M-MACBETH judgments and that verified the delta 
property (for details see [22]) was determined. Finally, resorting to the MACBETH weighting process and following 
the process detailed in [15], coefficient weights for each criterion and area of concern were built with the ST-Group.  
3. Discussion 
The proposed HI has been applied to evaluate the population health of Portuguese municipalities over the past 20 
years. The model outputs can be integrated within a tableau-de-bord where it is possible to analyse the performance 
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and value profile of each municipality within and across areas of concern, as well as the aggregated level of 
population health of each municipality; this outputs allows to perform a retrospective analysis about the evolution of 
population health, permitting to explore and compare the health levels within and across municipalities. 
The proposed information system can be useful in detecting patterns of illness and disease and health disparities, 
in allowing for a wide range spatial-temporal analysis, and in being the starting point for policy-makers and planners 
investigating which policies have the highest potential to improve population health and decrease geographical 
health inequalities. Therefore, in the future, it would be desirable to build a resource allocation model to prioritize 
the health policies taking into account their population health “value for the money” [23]. 
This study contributes to literature by showing how decision analysis methods can be used to construct a 
population HI within a sound theoretical framework, involving different group processes. It is worthwhile noting 
that, in spite being a time consuming process given the large number of criteria and amount of information required 
about population health, the views of the participating experts and stakeholders about the framework were positive: 
they considered it especially suitable for structuring a model that reflects the concerns and strategic objectives of 
different stakeholder groups, which contributes to a higher acceptance of the HI. This can be further increase by 
performing sensitivity analyses within weighting ranges agreed upon by the stakeholders [24]. 
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